Elderly people at risk of malnutrition should have unrestricted meals and snacks; medications should be adjusted as necessary to control blood glucose levels.
Tight control of blood glucose reduces the risk of death and diabetes-related complications but poses the risk of hypoglycemia.
UIDELINES FOR TREATING diabetes mellitus are mostly based on clinical studies in middle-aged people, and recommendations tend to be the same for everyone, whether young and strong or elderly and frail. But diabetes management should be individualized, especially in the elderly, taking into account each patient's medical history, functional ability, home care situation, and life expectancy. Aggressive glycemic control is less important than avoiding hypoglycemia and achieving a good quality of life.
This article reviews the general principles for recognizing and managing diabetes in elderly patients, focusing on the management of blood sugar per se. In a future issue of this journal, we will discuss some of the many complications of diabetes in the elderly.
■ DIABETES DIFFERS IN ELDERLY PATIENTS
"The elderly" is a heterogeneous group with widely varying physiologic profiles, functional capabilities, and life expectancy (on average, about 88 years for men and 90 years for women in the United States). Although the elderly are sometimes classified as "young-old" (age 65-80) and "old-old" (80+), this distinction is too simplistic for clinical decision-making.
Diabetes mellitus in the elderly also is heterogeneous. One distinction is the age at which the disease developed.
Aging is associated with declining betacell function and lower blood insulin levels independent of insulin resistance, and with insulin resistance itself. The risk of developing type 2 diabetes mellitus increases with obesity, lack of physical activity, and loss of muscle mass, all of which often develop with aging. 1 Middle-aged patients with diabetes have increased fasting hepatic glucose production, increased insulin resistance, and an abnormal insulin response to a glucose load. On the other hand, patients who develop diabetes at an older age tend to have normal hepatic glucose production. Older patients who are lean secrete markedly less insulin in response to a glucose load but have relatively less insulin resistance. 2 Patients who develop type 2 diabetes in old age are more likely to have nearnormal fasting blood glucose levels but significant postprandial hyperglycemia. 3, 4 Elderly patients who developed diabetes during middle age have metabolic abnormalities more typical of middle-aged patients with type 2 diabetes.
■ DIABETES IS COMMON, AND INCREASING IN PREVALENCE
By age 75, 40% of people in the United States have either glucose intolerance or diabetes mellitus. 5 Metabolic syndrome, which is the constellation of insulin resistance (type 2 diabetes mellitus), hyperlipidemia, hypertension, and obesity, is more prevalent in people age 65 to 74 years than in younger and older people. 3 The National Diabetes Surveillance System of the US Centers for Disease Control and Prevention estimated that the prevalence of diabetes mellitus in people 65 to 74 years old in 2005 was 18.5%, about 12 times the prevalence among those younger than 45 years. 6 The prevalence has been gradually increasing and has nearly doubled over the past 25 years, with certain groups-native Americans, Hispanics, and African-Americans-at particularly high risk of developing the disease.
Although the prevalence of diabetes in people older than 75 years is lower than among people in the 65-to-74-year range, the elderly segment of our population is increasing, and the impact of diabetes and its associated burden of death and disease from vascular complications is enormous.
■ SYMPTOMS ARE OFTEN NONSPECIFIC
Unfortunately, diabetes is underdiagnosed and frequently undertreated, resulting in even more disease and death. [7] [8] [9] Diabetes is often missed in the elderly because its presenting symptoms may be nonspecific, eg, failure to thrive, low energy, falls, dizziness, confusion, nocturia (with or without incontinence), and urinary tract infection. The classic symptoms of frequent urination (often leading to worsening incontinence), thirst, and increased hunger usually occur only when plasma glucose levels are above 200 mg/dL. Weight loss, blurred vision, and dehydration may also be present with high blood glucose levels. With lesser degrees of hyperglycemia, patients may have no symptoms or present with weight loss or signs and symptoms of chronic infection, especially of the genitourinary tract, skin, or mouth.
Hyperglycemia in elderly patients is also associated with reduced cognitive function (which may improve with blood glucose control). 10 The American Diabetes Association recommends screening by measuring the fasting plasma glucose level every 3 years beginning at 45 years. 11 However, some experts believe that this method is inadequate for the elderly 12 ; some suggest that screening should be done more often in those with risk factors for diabetes, including obesity, inactivity, hypertension, and dyslipidemia, all of which are common in the elderly. Targeted screening in patients with hypertension may be the most cost-effective strategy. 13 Screening with hemoglobin A 1c levels is not recommended because of lack of standardization among laboratories. 14 Age-related changes in pharmacokinetics as well as polypharmacy increase the risk of drug interactions and adverse effects, especially drug-induced hypoglycemia. In addition, age-associated changes in cognitive, visual, and physical function, dentition, and taste perception can reduce a patient's ability to carry out treatment. Frequent hospitalizations also disrupt outpatient regimens.
■ INDIVIDUALIZED MANAGEMENT IS BEST
Comorbidities make treatment more challenging, but some conditions-such as hypertension, renal insufficiency and eye disorders-make doctors more likely to control hyperglycemia more aggressively, fearing that the loss of a little more function in an impaired organ may lead to failure.
The benefits of tight glycemic control should be weighed against the risks and the realities of an individual situation. Priority should be given to achieving the best quality of life possible. 17 Recent guidelines from the California Health Foundation and the American Geriatrics Association focused on the major health threats to older patients and prioritizing care for each person. 15 The guidelines recommend screening for geriatric syndromes that are more prevalent in patients with diabetes or are strongly affected by the disease or its treatment. Diabetes care should be examined in the setting of common geriatric problems: depression, polypharmacy, cognitive impairment, urinary incontinence, falls, and pain.
Heart risk trumps glycemic control
The expert panel 15 concluded that rates of disease and death can be reduced more by targeting cardiovascular risk factors than by intensively managing hyperglycemia. One rationale is that it takes 8 years for aggressive glycemic control to reduce the risk of diabetic retinopathy or renal disease but only 2 years of treating hypertension and dyslipidemia to reduce the risk of cardiovascular disease. 15, [17] [18] [19] [20] [21] A recent Japanese study found normal mortality rates in elderly patients under long-term, intensive multifactorial diabetes control. 22 High-functioning, motivated patients could benefit from therapy aimed at achieving most or all of the recommended goals, but frail patients may suffer from applying all therapies and may benefit from only some of them.
If appropriate goals cannot be met, it may help to refer patients to a geriatric specialist to evaluate possible barriers to adherence such as depression or poor cognition, physical functioning, or support.
■ MANAGEMENT STRATEGIES Weight loss and exercise help prevent diabetes
The Diabetes Prevention Program 23 randomized 3,234 people (mean age 51 years) with impaired glucose tolerance to receive either metformin (Fortamet, Glucophage) 850 mg twice daily or placebo or to undertake lifestyle modifications with goals of at least a 7% weight loss and at least 150 minutes of physical activity per week. Compared with the placebo group, the lifestyle modification group had a 58% lower incidence of diabetes while those in the metformin group had only a 31% lower incidence. Among those older than 60 years, the advantage of lifestyle modification over metformin was even greater.
Control blood glucose, avoid hypoglycemia
The American Diabetes Association 11 recommends the following goals, albeit with certain caveats about the need for individualization ( 25 and the United Kingdom Prospective Diabetes Study (UKPDS). 21, 26 A recent position statement from the American College of Physicians, based on a review of all the major guidelines, recommends the following: "Statement 1: To prevent microvascular complication of diabetes, the goal for glycemic control should be as low as is feasible without undue risk for adverse events or an unacceptable burden on patients. Treatment goals should be based on a discussion of the benefits and harms of specific levels of glycemic control with the patient. A hemoglobin A 1c level less than 7% based on individualized assessment is a reasonable goal for many but not all patients. Statement 2: The goal for hemoglobin A 1c should be based on individualized assessment of risk for complication from diabetes, comorbidity, life expectancy, and patient preferences." 27 Although few data exist for elderly patients, these guidelines are the most current approach to treating diabetes in the elderly. Less stringent goals are appropriate for patients who have limited life expectancy, hypoglycemia unawareness (lack of autonomic warning symptoms of low blood sugar), seizures, dementia, psychiatric illness, or alcoholism. It is important to keep in mind the following as one strives for lower A 1c levels: Although the relative risk reduction accomplished by lowering hemoglobin A 1c is linear, the absolute risk reduction is log-linear-more benefit is gained by lowering hemoglobin A 1c from 9% to 8% than from 8% to 7%. 28 Hypoglycemia is a major limiting factor in glycemic control. Many risk factors for hypoglycemia are common in the elderly (TABLE 2) . Hypoglycemia was a chief adverse event in both the DCCT and the UKPDS, with a twofold to threefold higher rate in patients who were intensively treated. 29 Even mild hypoglycemia in the elderly can result in an injurious fall, which can lead to long-term functional decline. The rate of severe or fatal hypoglycemia-the major risk of tight glycemic treatment-increases exponentially with age. [30] [31] [32] [33] As people age, the mechanisms that regulate blood sugar are impaired: the glucagon response is diminished, which increases dependence on the epinephrine response to prevent hypoglycemia. 34 Medications such as beta-blockers, which can suppress the symptoms of hypoglycemia, may further impair the response. Consequently, older patients may be less aware of hypoglycemia, and the symptoms may be less intense. Renal insufficiency may also exacerbate the problem by reducing clearance of oral agents. In addition, confused patients may take extra doses of medications.
Patients Hypoglycemia may also present as transient hemiparesis, coma, or falls. 35 We carefully evaluate the glycemic regimen and care environment of any elderly patient who presents with a blood glucose level below 100 mg/dL. The regimen should be altered for less strict control if the patient is cognitively impaired, is at risk of falling, or has an unstable care situation (eg, has irregular meals or needs assistance with daily activities and does not have a regular caregiver). Patients at significant risk of hypoglycemia should be encouraged to check their blood glucose level with a fingerstick before driving.
Tight control in the hospital is controversial
Glycemic control in the hospital has traditionally been designed primarily to maintain "safe" blood glucose levels, ie, to prevent hyperglycemia-induced dehydration and catabolism while avoiding hypoglycemia. Recent studies have suggested that tighter glycemic control may reduce the rates of complications and death perioperatively and in patients with myocardial infarction or who are seriously ill in the intensive care unit, although the evidence is mixed. [36] [37] [38] Specific targets are controversial, and although studies have included some elderly patients, results cannot be generalized to this group.
■ DIABETES CARE TAKES A TEAM
Geriatric patients have complex problems. In the face of multiple comorbidities, difficult social situations, and polypharmacy, the physician can best address the drug therapy and lifestyle changes that diabetes management requires by working with a certified diabetes educator, dietitian, social worker, and pharmacist.
Nonpharmacologic therapy
The first step in therapy for glycemic control is diet and exercise, although such measures are often limited in the elderly.
Diet. Carbohydrate control can maintain euglycemia in some patients with type 2 diabetes. But for the elderly, especially those living in long-term health care facilities, malnutrition may be of more concern than obesity, making dietary restrictions harmful. Patients in danger of malnutrition should be given unrestricted menus with consistent amounts of carbohydrate at meals and snacks. Medications should be adjusted to control blood glucose levels if necessary. 39 For patients living in the community, dietary therapy should be individualized by a dietitian. Medicare covers up to 10 hours of diabetes education with a certified diabetes educator or registered dietitian within a 12-month period if at least one of the following criteria are met: the patient is newly diagnosed with diabetes, the hemoglobin A 1c level is higher than 8.5%, medication has been recently started, or the risk of complications is high.
Supplementation of vitamins and minerals is prudent. Supplemental magnesium, zinc, and vitamins C and E may improve glycemic control. [40] [41] [42] [43] [44] Exercise reduces insulin resistance, weight, and blood pressure; increases muscle mass; and improves lipid levels. Both aerobic and nonaerobic activity are beneficial. [45] [46] [47] The best time to exercise is 1 to 2 hours after a meal, when glucose levels tend to be highest. Either hypoglycemia or hyperglycemia may occur up to 24 hours following exercise, and medications may need to be adjusted. Malnutrition may be of more concern than obesity, making dietary restrictions harmful
Risk factors for hypoglycemia in elderly patients
Alcohol intake Autonomic neuropathy and adrenergic blocking agents Cognitive impairment Complex regimens Hepatic dysfunction Polypharmacy Poor nutrition Recent hospitalization Renal insufficiency Sedative agents Therapy with sulfonylureas or insulin Tight glycemic control
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Oral medications
Drug therapy usually starts with a single medication, typically a sulfonylurea. The different classes of drugs have different mechanisms of action, so a second oral agent offers additional glycemic control (TABLE 3) . [48] [49] [50] Agents also differ in their plasma half-lives (TABLE 4) . A recent systematic review found that compared with newer, more expensive agents (thiazolidinediones, alpha glucosidase inhibitors, and meglitinides), older agents (second-generation sulfonylureas and metformin) have similar or superior effects on glycemic control, lipids, and other intermediate end points. 51 Regardless of the agent chosen initially or added later, for elderly patients we typically start with about half the recommended dosage.
Insulin
Insulin therapy is necessary if oral combination therapy proves insufficient. Insulin is generally required for patients with moderate or severe hyperglycemia, especially for those with renal or hepatic insufficiency. 52, 53 Before prescribing insulin therapy to elderly patients, we need to consider their visual acuity, manual dexterity and sensation, cognitive function, family support, and financial situation. However, several studies showed that quality of life improves in the year after starting insulin for patients whose blood sugar was previously poorly controlled with oral agents. 54, 55 An evening dose of neutral protamine Hagedorn (NPH) insulin is a good way to start. More complex regimens may be neces- T A B L E 3
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sary, depending on glycemic goals. A number of premixed preparations of various types of insulin with different durations of action are available. They may improve accuracy, acceptability, and ease of insulin administration, although glycemic control and the risk of hypoglycemia may not change or in fact may be worse. 56 Some patients may not achieve adequate glucose control with fixed-dose regimens. 57, 58 Frequent, small, titrated doses of shortacting agents control hyperglycemia better, particularly postprandial hyperglycemia, resulting in less hypoglycemia. However, these regimens may be too complex for many elderly patients; a patient's support system must be evaluated before recommending this type of therapy.
Most insulins are available in vials and in pens, the latter of which are quick and easy to use, provide precise doses, and can be managed by many elderly patients. Pens require the user to attach a needle, set the dose by a dial, and depress the plunger to inject the dose. Some are prefilled and disposable, others have refillable cartridges. Studies in patients older than 60 years have shown the pen systems to be more acceptable, safer, and more effective than conventional syringes.
If conventional syringes are used, lowdose syringes (30-unit or 50-unit), which have more visible unit markings, should be prescribed whenever possible rather than the 100-unit sizes. Magnifying devices that attach to a syringe are also available.
Studies have also shown that continuous subcutaneous insulin infusion is safe for selected elderly patients.
Incretin mimetics: Possibly well-suited
Incretins, such as glucagon-like peptide-1, are hormones released from the gastrointestinal tract in response to eating. They stimulate insulin secretion by non-glucose-related pathways.
Exenatide (Byetta), a 39-amino-acid peptide incretin mimetic, is a synthetic version of exendin-4, an incretin isolated from the saliva of the Gila monster. Recently approved for treating type 2 diabetes, it is given subcutaneously. 59, 60 Oral dipeptidyl peptidase-4 inhibitors (sitagliptin and vildagliptin) decrease the degradation of endogenous incretin and thus prolong its action. 61 Because a decline in glucose-mediated beta-cell insulin secretion is a major contributor to the development of diabetes in the elderly, the drug may be especially helpful for this population. However, further clinical research and experience is needed before specific recommendations for elderly patients can be made.
■ SELF-MANAGEMENT IS IMPORTANT
Patient education is critical
Patient education is a cornerstone of diabetes self-management, [62] [63] [64] [65] [66] and is especially important for patients who are cognitively impaired or who have limited language proficiency. Patient education is covered under Medicare Part B. Ample resources are available in print and electronic formats. Community resources can also be important. 
Home glucose monitoring is simpler now
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at bedtime. Medicare reimburses for oncedaily testing for patients who are not taking insulin and for three-times-daily testing for those taking insulin. Elderly patients can be taught to reliably monitor their own blood glucose levels without diminishing their quality of life. Monitoring is now easier with new glucometers and test strips that use small amounts of blood. Testing can now also be performed on blood taken from the forearm, upper arm, thigh, or calf with the FreeStyle (TheraSense), One Touch Ultra (LifeScan) and Soft Tac (MediSense) meters.
The Soft Tac meter lances skin and automatically transfers blood to the test strip, making use even easier. Talking glucometers are available for blind patients.
Coordination counts
A variety of models of chronic care delivery have been proposed. Regardless of which model is chosen, the complexities of management call for a multidisciplinary team approach, and coordination of care in order to ensure appropriate information flow becomes critical. ■
